Infection with Ebola virus causes a severe disease accompanied by high mortality rates, and there are no licensed vaccines or therapies available for human use. Filovirus vaccine research efforts still need to determine the roles of humoral and cell-mediated immune responses in protection from Ebola virus infection. Previous studies indicated that exposure to Ebola virus proteins expressed from packaged Venezuelan equine encephalitis virus replicons elicited protective immunity in mice and that antibody-mediated protection could only be demonstrated after vaccination against the glycoprotein. In this study, the murine CD8 ؉ T-cell responses to six Ebola virus proteins were examined. CD8 ؉ T cells specific for Ebola virus glycoprotein, nucleoprotein, and viral proteins (VP24, VP30, VP35, and VP40) were identified by intracellular cytokine assays using splenocytes from vaccinated mice. The cells were expanded by restimulation with peptides and demonstrated cytolytic activity. Adoptive transfer of the CD8 ؉ cytotoxic T cells protected filovirus naïve mice from challenge with Ebola virus. These data support a role for CD8
Ebola viruses (EBOV) cause a severe hemorrhagic fever disease characterized by a high mortality rate. No licensed vaccines are currently available for human use. Various vaccine approaches for filoviruses, including DNA vaccination, vaccination with virus-like particles, liposome encapsulation of irradiated virus, and expression of filovirus proteins from viral vectors, are being evaluated (10-12, 14, 20-22, 26, 28, 30, 31a, 34, 35, 38, 39) . Nonhuman primates were protected from challenge after vaccination against Ebola virus glycoprotein (GP) and nucleoprotein (NP) either by a series of DNA inoculations followed by administration of an adenovirus-vectored booster or with a high dose of the adenovirus-vectored product alone (27, 28) . More recently, protection against Ebola and Marburg viruses has been achieved using a chimeric virus in which the vesicular stomatitis virus glycoprotein was replaced with either the EBOV glycoprotein or Marburg virus glycoprotein (14) .
A mouse model of Ebola virus Zaire (ZEBOV) infection is available for evaluating the immune responses to potential vaccines and to the virulent virus. The mouse-adapted virus is lethal to immunocompetent mice when administered intraperitoneally (i.p.) (5) . However, it is not lethal when given subcutaneously (s.c.), unless the mice lack ␣/␤ interferon (IFN-␣/␤) receptors or are treated with anti-␣/␤-IFN polyclonal antiserum, indicating a role for innate immune responses in survival (4) . Subsequent studies indicated that the virus administered s.c. induces an attenuated inflammatory response, early production of antiviral cytokines, and reduced rates of viral replication compared to i.p. administration (16) . Recently, Warfield et al. demonstrated a potential role for NK cells in mice vaccinated with virus-like particles composed of GP and VP40 (31) . In that study, vaccinated mice that lacked NK cell function were unable to survive subsequent challenge with the mouse-adapted virus.
EBOV vaccine research efforts have emphasized the potential for generating protective adaptive immune responses to the surface GP and, in some cases, the NP. Protective Ebola virus GP-specific monoclonal antibodies (37) and polyclonal sera (8, 35) have been described previously, and to date, the GP is the only ZEBOV protein for which protective B-cell responses have been identified. Cytotoxic T cells (CTLs) to NP or GP were observed after vaccination with plasmids with or without a booster (24, 28, 30, 38) , vaccination with liposomes (22, 23) , or vaccination with packaged Venezuelan equine encephalitis virus replicons (VRPs) (36) . Our previous study demonstrated that cells with in vitro lytic activity to the NP 43-53 sequence protected filovirus-naïve mice after adoptive transfer (36) . We also demonstrated that vaccination with other ZEBOV proteins (VP24, VP30, VP35, and VP40) expressed from VRPs induces immunity to viral infection in mice (35) . Vaccination with VRPs expressing one of these proteins reduced but did not prevent viremia in challenged mice, and passive transfer of polyclonal sera to the VP proteins did not protect recipient mice from subsequent challenge. The immune mechanism mediating protection has not been identified in mice vaccinated with the various Ebola virus VP proteins.
Six Ebola virus proteins were examined in this study. The GP forms the specific receptor fusion domain required for entry into the host cell. The NP, VP30, VP35, and polymerase proteins combine with the viral genomic RNA to form the ribonucleoprotein complex (6) . VP30 also functions as an EBOV-specific transcription activation factor that recog-nizes a secondary stem-loop structure during transcription (18, 32) . VP35 has been suggested to act as an interferon antagonist (2) by blocking interferon regulatory factor 3 activation (1). The exact role of VP24 remains unclear, but it has been demonstrated to participate in the spontaneous formation of the nucleoprotein complex (13) . VP40 functions as a matrix protein, which is essential for viral assembly and budding (3, 9, 15, 17, 19, 29) .
This study evaluated the induction of CD8 ϩ T cells after vaccination with VRPs expressing ZEBOV GP, NP, VP40, VP35, VP30, or VP24 and their role in protection against infection. We used overlapping peptides of the Ebola virus proteins to identify epitopes that induce CD8 ϩ T cells to ZEBOV in two mouse strains and to assess the lytic function and protective capacity of these CD8 ϩ T cells.
MATERIALS AND METHODS
Virus, animals, and infections. Mouse-adapted Ebola virus was obtained from Mike Bray (5) . A comparison of the protein sequences of GP, NP, and the VP proteins of Zaire 1976 virus (GenBank accession number AF086833) and the mouse-adapted Ebola viruses (GenBank accession number AF499101) is shown in Table 1 .
The amino acid changes in the glycoprotein are also in the Ebola virus from which the mouse-adapted virus was derived and are not the result of adaptation (5) . Female C57BL/6 or BALB/c mice (5 to 8 weeks old) were obtained from the National Cancer Institute (Frederick, Md.) and housed under specific-pathogenfree conditions. Research was conducted in compliance with the Animal Welfare Act and other federal statutes and regulations relating to animals and experiments involving animals and adhered to principles stated in the Guide for the Care and Use of Laboratory Animals (National Research Council, 1996) . The facility where this research was conducted is fully accredited by the Association for the Assessment and Accreditation of Laboratory Animal Care International. For infection, mice were inoculated i.p. with 1,000 PFU (30,000 ϫ the 50% lethal dose) of mouse-adapted Ebola virus in a biosafety level 4 laboratory. Mice were observed for 28 days after challenge by study personnel and by an impartial third party. Daily observations of mice included evaluation of mice for clinical symptoms such as reduced grooming, ruffled fur, hunched posture, subdued response to stimulation, nasal discharge, or bleeding.
Peptides. Overlapping peptides for each protein were purchased as pin-synthesized PepSets from Mimotopes Inc. (Clayton, Victoria, Australia). Each peptide was 15 amino acids long and overlapped the previous sequence by 5 amino acids. Once a positive sequence was determined, individual peptides were synthesized by Mimotopes, New England Peptide (Fitchburg, Mass.), or Sigma Genosys (Woodlands, Tex.). The purity of individual peptides, evaluated by using reverse-phase highperformance liquid chromatography analysis, was Ͼ70%.
VRPs and vaccinations. The production of VRPs expressing ZEBOV proteins was performed as previously described (20, 21, 35, 36) . The estimation of replicon titer was performed using previously described methods (35) In vitro restimulation of splenocytes. Single-cell suspensions, mixed-lymphocyte reactions (MLRs), and restimulation of cells were performed as previously described (35) . Briefly, splenocytes were isolated from mice and cultured for 5 h with peptides and stained for intracellular expression of IFN-␥. Alternatively, cells were restimulated for 5 to 7 days with peptides and expanded following the addition of human recombinant interleukin (IL)-2 (10 U/ml; National Cancer Institute) and 10% concanavalin A added on day 2 during restimulation. Control mice received PBS or restimulated splenocytes that were directed towards the previously described Lassa N epitope RPLSAGVYMGNLSSQ (33) .
Intracellular IFN-␥ staining. Splenocytes were isolated and cultured at 37°C for 5 h in the presence of 1 to 5 g of peptide(s) or phorbol myristate acetate (PMA; 25 ng/ml) and ionomycin (1.25 g/ml) in 100 l of RPMI-Eagle's Ham amino acid medium supplemented with 10% heat-inactivated fetal bovine serum (FBS), 2 mM glutamine, 10 g of gentamicin per ml, 5 mM HEPES, and 0.05 mM ␤-mercaptoethanol medium and containing 10 g/ml of brefeldin A (Epicenter Technologies, Madison, Wis.). Cells were blocked with MAb to FcRIII/II receptor and stained with anti-CD44 FITC and either anti-CD8 or anti-CD4 Cy-Chrome (Pharmingen, San Diego, Calif.) in staining wash buffer (PBS, 2% FBS, 0.01% sodium azide; Sigma, St. Louis, Mo.), with brefeldin A (10 g/ml). The cells were fixed in 1% formaldehyde (Ted Pella, Redding, Calif.), made permeable with staining wash buffer containing 0.5% saponin (Sigma, St. Louis, Mo.), and stained with anti-IFN-␥ phycoerythrin (PE) (Pharmingen, San Diego, Calif.). The data were acquired by using a FACSCalibur flow cytometer and analyzed with CELLQuest software (Becton-Dickinson Immunocytometry Systems, San Jose, Calif.). Samples were considered positive if the percentage of CD8 ϩ , CD44 ϩ , IFN-␥-positive cells was greater than twofold above background. Background was determined by adding an irrelevant peptide from Lassa N or no peptide in a solution that contained an equivalent amount of the dimethyl sulfoxide used to dilute peptides.
IFN-␥ ELISPOT assay. Millipore Immobilon-P plates were coated with 5 g/ml of primary antibody (clone AN18; Mabtech, Cincinnati, Ohio) diluted in PBS overnight at 4°C. The plates were then washed three times with PBS and blocked using complete medium (RPMI, 10% FBS, 2% L-glutamine, 2% HEPES buffer, 1% penicillin-streptomycin, 0.02 mM 2ME) for 2 h at 37°C. One hundred thousand cells per well were added along with 2 g/ml of peptide(s) or PMA (25 ng/ml) and ionomycin (1.25 g/ml) diluted in complete medium. Plates were incubated for 18 to 24 h at 37°C and then washed eight times with PBS plus 0.05% Tween-20. Secondary antibody (clone R4-6A2; Mabtech) was added in buffer containing PBS plus 0.05% bovine serum albumin at a concentration of 1 g/ml and incubated for 2 h at 37°C. Plates were then washed six times with PBS, and 3-amino-9-ethylcarbazole conjugate (Vector Labs, Burlingame, Calif.) was added and incubated for 1 h at room temperature. Plates were washed six times with PBS and developed with amino-9-ethylcarbazole (AEC) substrate (Vector Labs) for 4 min. Development was stopped by flushing with tap water. Plates were allowed to dry completely, and spots were visualized using the Autoimmun Diagnostika GmbH enzyme-linked immunospot (ELISPOT) reader (Strasberg, Germany).
51 Cr release assays. Cytotoxicity assays were performed as described previously (36) . Briefly, target cells (EL4, L5178Y) were labeled with 51 Cr (Na 2 CrO 4 ; New England Nuclear, Boston, Mass.) and pulsed with 1 g/ml of peptide for 1.5 h. Unpulsed target cells were used as negative controls. Various numbers of effector cells were incubated with 2,500 target cells for 4 h. Percent specific release was calculated by using the following formula: % specific release ϭ (experimental release Ϫ spontaneous release)/(maximum release Ϫ spontaneous release) ϫ 100. Spontaneous release values were obtained by incubating target cells in medium alone and were routinely Ͻ15% of maximum release. Maximum release values were obtained by adding 100 l of 1% Triton X-100. Experiments were repeated a minimum of two times.
Adoptive transfer experiments. Adoptive transfers were performed, and the mice were challenged 4 h later with 1,000 PFU of mouse-adapted virus as previously described (36) . The mean time to death of unvaccinated mice was 6 to 8 days. Mice that survived 28 days (four times the mean time to death) were considered protected. Experiments were performed a minimum of two times. Cell separation and analysis. Effector cell cultures were separated using the Dynabeads mouse CD4 (L3T4) and mouse CD8 (Lyt 2) system (Dynal) according to the manufacturer's protocol as previously described (36) . The phenotype of the cells was determined by staining with rat anti-mouse CD8a (Ly-2, clone 53-6.7), rat anti-mouse CD4 (L3T4, clone GK1.5), rat anti-mouse CD3 (molecular complex, clone 17A2), and CD45/B220 (clone RA3-6B2). All antibodies were produced by Pharmingen. Cells were washed in staining wash buffer, fixed with 1.0% paraformaldehyde, and analyzed on a FACSCalibur.
RESULTS

Increased protective efficacy of VP vaccination in mice.
We previously reported that BALB/c (H-2 d ) mice were easier to protect with vaccination to Ebola virus VP24, VP30, and VP40, with fewer than half surviving challenge after vaccination with VRPs expressing VP35. In contrast, C57BL/6 (H-2 b ) mice were easier to protect using VRP expressing VP35, with fewer than half surviving challenge after vaccination with VP30 or VP40 and no mice surviving challenge after vaccination with VP24. Increasing the dose of replicons (ϳ10-fold based on flow titer estimation) improved the protective efficacy of most VRP-VP vaccines to 80% or better (Table 2) . However, C57BL/6 mice vaccinated with VRP expressing VP24 were not protected, despite changes in dose or increased numbers of booster vaccinations. As in our earlier study, no protection was observed with sera derived from VP-vaccinated mice.
Induction of CD8 ؉ T cells specific for epitopes within ZEBOV GP, NP, VP24, VP30, VP35, and VP40. The improved efficacy of the VRPs permitted analysis of the role of CD8 ϩ T-cell responses in mediating protection. We identified CD8 ϩ T-cell responses for each protein using a combination of assays and stimulation with peptides. The first analysis was conducted using cells ex vivo after a brief exposure to peptides. Overlapping peptide pools for each protein were generated using a matrix in which each peptide was present in two different pools (Fig. 1A) . The peptide pools were used to induce IFN-␥ production and secretion following 5 h of incubation with freshly isolated splenocytes from vaccinated mice (Fig. 1A) . Individual peptides were selected for further testing based on their presence in two positive pools (e.g., peptide 43 in Fig. 1A) . The utility of this approach for enabling rapid selection of potential epitope sequences was confirmed by testing each peptide from the VP24 protein individually (Fig. 1B and C) . In vitro restimulation with peptides was used next to expand responsive cells. Splenocytes from vaccinated mice were restimulated in vitro with peptides for 5 to 7 days and further characterized using ELISPOT, intracellular cytokine staining (ICC), and chromium release assays (Table 3 ; Fig. 2) .
We examined the CD8 ϩ T-cell responses induced by VRPs in BALB/c (H-2 d ) and C57BL/6 (H-2 b ) mice. BALB/c mice had detectable CD8 ϩ T-cell responses to all six of the tested ZEBOV proteins (Table 3 ). The responses were directed toward one to three peptide sequences per protein. With our standard vaccine dose, we observed no CD8 ϩ T-cell responses to GP; however, when the dose was increased 10-fold, a response was detected towards VSTGTGPGAGDFAFHK (GP 141 Cytolytic function after in vitro restimulation and adoptive transfer of CTLs. Cytolytic activity was tested using restimulated splenocytes from vaccinated mice. A representative chromium release assay (Fig. 2) indicates marked lysis of peptidepulsed, but not unpulsed, H-2-matched target cells using effector cells from VP24-vaccinated BALB/c mice. Similar results were observed for all but one of the newly identified CD8 ϩ T-cell epitopes (Table 3) . Lysis was not observed using the GP 531 peptide recognized by C57BL/6 CD8 ϩ T cells, although the CD8 ϩ and CD4 ϩ T cells expanded after in vitro restimulation with the GP 531 peptide (from 0.21% ex vivo to 1.54% for CD8
ϩ T cells and from 1.4% ex vivo to 2.89% for CD4 ϩ cells). Purifying the CD8 ϩ T cells from the CD4 ϩ T cells 
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on July 10, 2017 by guest http://jvi.asm.org/ to reduce competition for the peptide did not result in lysis of labeled cells. CD8 ϩ T cells were adoptively transferred into filovirus-naïve mice approximately 4 h before challenge, and cytotoxic activity was confirmed. Adoptive transfer of 5 ϫ 10 6 cells with ZEBOV-specific lytic function was protective with no morbidity noted in survivors, whereas the transfer of cells from control MLR cultures or restimulated Lassa N-specific CTLs failed to protect or significantly change the mean time to death ( Table 3 ). The CD8 ϩ T cells specific for the GP 531 sequence that did not exhibit lytic activity also did not protect mice from challenge with mouse-adapted Ebola virus.
Cellular responses in convalescent mice. To determine whether T-cell responses to the newly identified epitopes are induced during infection rather than by vaccination, some convalescent mice that were vaccinated against one protein, or that were pretreated with MAbs to Ebola virus GP, were evaluated for the de novo induction of cellular responses to other proteins after challenge (Table 4) . To date, we have identified cellular responses to 15 of the epitopes in convalescent mice that were not exposed to those sequences before challenge.
For example, C57BL/6 mice vaccinated with VRP expressing Ebola virus GP had T-cell responses to Ebola virus NP 44 and NP 663 that were detected 30 days after challenge. Similarly, CD8
ϩ T-cell responses to NP 279 , VP24 171 , and VP24 214 were observed after challenge in BALB/c mice vaccinated with Ebola virus GP VRP. Furthermore, mice that were treated 1 day before challenge with a mixture of 100 g each of three protective monoclonal antibodies (13F6, 13C6, and 6D8) (37) also had CTL responses detected after challenge.
DISCUSSION
Vaccine research efforts for filoviruses have been hampered by a lack of knowledge regarding the adaptive immune mechanisms needed for protection and by the difficulty of assessing cellular responses in animal models, such as the guinea pig and nonhuman primate. This study identified CD8
ϩ CTLs as a protective immune mechanism induced by vaccination of mice against each of the VP proteins. It also extended our earlier findings and other reports of in vitro cytolytic activity (23, 24, 30, 38) by demonstrating protective CTL responses in adoptive transfer studies. This analysis of the CD8 ϩ cellular responses to these six ZEBOV proteins offers insights on the specificity and breadth of responses that may be important to vaccine research efforts. BALB/c and C57BL/6 mice were protected after vaccination with VRPs expressing NP, VP30, VP35, and VP40; for each of these combinations, we identified or confirmed at least one protective CTL response. Twice we observed that an individual peptide induced a protective CTL response in both mouse strains (see VP30 in Table 3 ), but not surprisingly, the peptide specificity of the majority of the responses was not the same, as the mouse strains express major histocompatibility complex (MHC) class I molecules with different peptide-binding motifs. The mice also differed in the number of CTL responses generated towards each protein. For example, C57BL/6 mice had CTL responses to one peptide derived from the Ebola virus VP40, whereas three protective VP40-specific CTL responses were identified in BALB/c mice. However, the number of VRP-induced responses to each protein was low (Յ3) in both mouse strains.
The murine responses to VP24 were also interesting, in that the presence or absence of detectable CTL activity corresponded with protection. Vaccination to VP24 induced three CD8 T cell responses in BALB/c mice and protected them from challenge, while similarly vaccinated C57BL/6 mice failed to produce any detectable CD8 ϩ T-cell response to VP24, and none survived challenge, even after modification of the vaccine regimen. The lack of detectable CTL responses to VP24 suggests that cells of the H-2 b haplotype do not present peptides from VP24 that induce lytic activity. Analysis of the VP24 sequence using predicted binding motifs for K b and D b class I d Data are expressed as percent specific lysis in a chromium release assay with haplotype-matched, peptide-pulsed targets at a 25:1 effector:target ratio, except for the GP 107 peptide, which is the specific lysis at a 33:1 ratio.
e Data are expressed as numbers of mice surviving challenge/number tested. Peptide-specific restimulated lymphocytes were adoptively transferred to filovirus-naïve mice approximately 4 h before mice were challenged with 1,000 PFU of mouse-adapted Ebola virus. Control mice received PBS, or 5 ϫ 10 6 cells from a mixed-lymphocyte reaction culture or 5 ϫ 10 6 Lassa N-specific CTLs. No clinical symptoms were observed in any surviving mice.
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on July 10, 2017 by guest http://jvi.asm.org/ molecules indicates at least five peptide sequences with the potential to be presented by these molecules; however, studies comparing motif peptides and CTL responses for other viruses demonstrated that not all motif peptides actually induce CTLs (25) . The same observation may apply to C57BL/6 mice and VP24 predicted peptide sequences. Alternatively, the failure to induce protection in VRP-VP24-vaccinated C57BL/6 mice could indicate a suboptimal vaccine regimen. Both mouse strains had equivalently low, but detectable, antibody responses to VP24 after vaccination. There may be differences in the levels of VP24 protein expressed in the mouse strains, or in the threshold needed to activate their CTL, such that expression of VP24 from another vector would be better able to induce protective CTLs to VP24 in these mice. However, this is not supported by our inability to detect VP24-specific T-cell responses in convalescent C57BL/6 mice after challenge.
We had some difficulty identifying protective CD8 ϩ T-cell responses to GP, despite reports of in vitro lytic activity against target cells expressing GP with cells from mice vaccinated with plasmid vaccines (30, 38) or liposome-encapsulated virus (22) . The plasmid vaccine platforms induced solid lytic activity to cells expressing GP but did not identify the specific epitope(s) recognized. The study using liposome-encapsulated virus identified two CTL epitope sequences (GP 161 to 169 and GP 231 to 239). We did not observe any response to those peptides after vaccination with VRPs expressing GP; however, we did detect T-cell responses to the peptide at positions 231 to 239 after challenge (Table 4 ). The reported lytic activity to those sequences was modest, even with the encapsulated virus, generally being less than 25% at E:T ratios as high as 100:1, and the different vaccine regimens used in the two studies likely contributed to the different observations. Alternatively, the protective antibody responses known to be induced in both mouse strains following vaccination with VRPs expressing GP (35) may have contributed to clearance of antigen-expressing cells before these cytolytic T-cell responses were firmly established in these mice. The response to GP 531 is interesting because it contains the putative fusion domain (7) and because both CD4 ϩ and CD8 ϩ cells responded to it. Within this sequence there is some variation at amino acid position 544 (T to I) in both Ebola virus Zaire and Sudan isolates. The GP in the VRP has an I at amino acid 544, but the mouse-adapted challenge virus has a T. Preliminary data suggested that both sequences induced IFN expression by the CD4 and CD8 responses in C57BL/6 mice vaccinated with VRP (data not shown). Our expansion strategy used the peptide sequence containing the threonine residue since it is found in the mouseadapted challenge virus.
Three assays were used to try to identify cellular immune responses and were examined for their ability to predict protection accurately. The ELISPOT assay was the least sensitive of the three, often detecting only the most dominant responses. The ICC assay was more sensitive, identified more epitopes, and was generally predictive, with the single exception of the GP 531 response in C57BL/6 mice. The 51 Cr assay was the most reliable indicator of protection, as it accurately predicted protection when cells were lysed and predicted the lack of protection by the CD8 ϩ T cells specific for the GP 531 epitope. The lack of cytolytic activity could be from competition between the CD4 ϩ and CD8 ϩ T cells for the peptide; however, we could not identify any cytolytic activity even when the CD8 ϩ cells were separated from the CD4 ϩ cells during restimulation. This may be another example of a peptide that is presented but does not activate a cytolytic response. The inability of these CD8 ϩ T cells to protect mice, despite inducing IFN-␥, lends further support to the role of CTL effectors in protection, although we could not confirm that the cells continued to secrete IFN-␥ in vivo.
Our demonstration of protection by CTLs specific for 20 different epitopes in six proteins provides evidence that cellular immunity has a role in resolving Ebola virus infection in mice. This study, together with prior reports (8, 22-24, 30, 34-38) , indicates a growing consensus that, in the mouse model of Ebola virus infection, both humoral and cellular responses contribute to protection. This is supported by our prior studies identifying protective MAbs and CTLs, our observation that Ab responses to GP arise after challenge in mice provided CTLs, and the observation that CTLs arise after challenge of mice vaccinated with VRP-GP or pretreated with protective monoclonal antibodies. Prior lack of information regarding T-cell epitopes recognized by mice has limited the ability to examine de novo responses occurring in animals surviving challenge, including in our prior antibody study (37) . We conducted preliminary studies to further examine the contributions of both antibodies and CTL responses in protection. We found that mice vaccinated with one protein, or passively administered a mixture of antibodies, generated new CTL responses after challenge, suggesting that both antibody and cellular responses are working together to provide protection. Either response alone may be able to limit virus replication until both arms of the immune response are present to clear infection.
The induction of both antibody and cellular responses was also reported in the studies that successfully protected nonhuman primates against filovirus challenge with adenovirus vaccination against GP and NP (27, 28) . T-cell responses, assessed according to the production of tumor necrosis factor alpha, were demonstrated in five of eight macaques successfully pro- (27) or with chimeric viruses (14) . If CTL responses contribute to protection, it is likely that the epitope specificity of the responses will vary among species, and ultimately among humans, as it does among mouse strains. It is not feasible to test every recipient of an eventual human use vaccine to evaluate CTL responses; therefore, producing a vaccine that includes multiple proteins increases the chances of inducing CTL responses in the majority of recipients. This study indicates that there are at least six Ebola virus proteins capable of inducing protective CTL responses. The GP elicits protective humoral immunity in addition to cellular immunity, but inclusion of the other ZEBOV proteins may be required in an eventual human use vaccine formulation to induce sufficient CTL responses in humans.
